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A MEl?ALIURGICALINVES21GMCIONOFA CON170UR-FORGED

DISCOFEMEALLOY

ByE.E.Reynolds,J.W.&eeman,andA.E.White

for
of

ThepropertiesofEMEalloyinthefom ofcontour-forgeddiscs
theroto~ofgastuu?binesweresttiied.~ ~~eatigation ~ pm

a seriesofsuchinvestigationsundertakenbecausethepzmpertiesof
prmrhxtcgalloysaredepedenttoa considerableextentontheconditions
offabricatim,andthesizeandshapeofthezmtordiscsintroduced
fabricationproceduresforw~ch infozmatimwasnotavailable.

TheMidvaleConrpanydevelapedM, whichisa lgCr-12Ni-3W-lCbaXLoy.
Studiesbythiscompany5ndicatedthatthealloyhadsuitableproperties,
particularlygoodforgingcharacteristicsandimprovedcanterqualityh
contourforgings,forlarge-sizerotordiscs.A numberofdiscswere
preparedfromthealloyforexperimentalpqoses. he wasst~ied at
tieUniversityofMichiganfortheNACA.Additionaldataobtainedby.
TheMidvaleCompanyendtheGeneralElectricCompanyareincludedinthis
report.

Thediscstestedintheorigfnalprogramwerepreparedearlyinthe
developmentofthealloywhensufficimtexperiencehadprobablynotbeen
obtainedtocontrolforghgconditionsproperly.Consequently,the&Lsc
testedwasfoundtohavelowstrengthat1200°F ad somewhatlowstrength
atrmm temperature.A similardisctestedbytheGeneral.ElectricCompany
hadbetterproperties,particularlyatroomtemperature,butstillhad
lowpropetiiesat1200°F incomparisonwiththepropertiesofbarstock
ofthealloyandwithsimilarforgi@sof-otheralloys.A discsubse-

/ quentlypreparedbyTheMidvaleCompanyonthebasisofmoreeqerience
withthealloyhadexcellentpropertiesatroomtemperature,particularly
atthecenterofthedisc. ,

ThepropertiesreportedforthediscsofE4Ealloyshouldnotbe
consideredastypical.Theyprobablyrepresentwhatcouldhavehappened
toanyalloybecauseofenunfortunatechoiceofforgingconditions

● duringearlydevelopment.Itisimportanttorecognizethatthereported
. resultsillustratethe@ortsnceofcontrollingthetreatmentofaualloy

ifthegoodpropertiesofexperimentalbarstockaretobeduplicatedi.n
commercialshapes. “

.
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Sufficientmetallurgicalexperienceanddatawerenotavailableto
deterdnetheexactca~eofthelawstrengthofthediscs.Theoptimum
conditionsoftemperatureanddegreesofreductimforgoodproperties
at1200°F werenotmaintainedduringforg~. Probablytheseconditions
interferedwithprecipitationreactionsbelievednecessary”forgood
strengthathightemperatures.TherewasS- evidenceofvariablesnd
-ufficienthot-cold-workforgoodstrength. .

*

II?TRODUXION .

TheM alloywasdevelopedforhigh-te~eratureservicebyTheMld-
ValeCmupany.Itisaniron-basealloywithananalysisof19percent
chromium,12percentnickel,3 percenttungsten,and1 percentcoluiblum.
PreMdnarystudiesbyTheMidvabC~ oftheptipertiesofEMEalloy
h theformofbarstockindicatedthatthealloyhadpossibilitiesfor
suitablsserviceasrotorsforthegasturbtnesofJetenginesforair-
craft.Forthisreasoncontourdiscforgingswwremanufacturedfor
experimentalpurposes.One-halfofoneoftheseforgingswassubmitted
forstudyattheUMversityofMichiganforthelhlCA.

Since alloys ofthist~e dependtoa largeextentontheprocessing
.conditions,especiallytemperaturesofforgingandhot-cold-work,for
theiroptimumpropertiesupto1200°l?,thediscwaspreparedinthe.
as-forgedandhot-cold-workedcondition.Theprincipalobjectsofthis
investigationweretodetemdnethelevelofpropertiesdevelopedinthe
typeandsizeofdiscactuallyusedinservice,torelatetheseproperties
tothoseofIMEbarstock,andtoevaluateh alloyonthebasisofa’“
comparisonofitspropertieswiththoseofsimilardiscsofother’alloys.

Thepropertiesofthediscweredeterminedatroantemperatureend
1200°F. Thesearethetwotemperaturesatwhichmaterialsmustpossess
satisfaotorgpzmpetiiestomeettherequirementsofperformanceesrotor
discsincurrentJetengines.

ThediscofEMEalloyis&e ofa seriesofdiscsofvariousalloys
whicharebehg studied.Theresultsobtainedfromtivestigationson
lsx’gediscsof19-9DL,CSA,I.ow-cadbonN-155,andTlmkmalloys are given
h references1 to~.

This‘workwasconductedattheUniversityofMichiganuuderthe
sponsorshipandwiththefinancialassistanceoftheNationalAdvisory
ColmdtteeforAennautics.
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RESCRIPTIONOFDISC .

.

The avail.dleinfomatiauconcerningthediscofEMEalhy is—
emmrizd aslfollows:

MamPacturer:

TheMidvaleCcmpmy,

Heatnumber:

H-4819

Chemicalcwosition:

Philadelphia,Pennsylvania

.

Thereportedchemicalcompositionofthedisctogetherwiththe
pr8f0rr8dlimitsofanalyseswasreportedtobethefollowhg
percentagesbythemanufacturer:

g ~ s~ ~ ~ CL N~ ~ Q g

. DiSC O.W 0.48 0.73 0.015 0.028 19.72 u.60 3=38 1=30 o.w

o.12 O*4O0.40 18.75 D.X 3.OO0.85 0.1O
Range to , to ----- ----- to to to to to

0.17 0.60 0:60 19.75 12.50 3.50 1.25 0.20

Fabricationprocedure:

Theforgingwaamadeftwma2600-pound,17-tih-dhmeteringotwhich
wasmat fromenem-typebasicelectricfurnace.Thehgotwas

reducedtoa l.o~-inch-diemeterbilletandupsetfirstundera press
4

endthenundera hemertotiedimensionsshowpinfigure1. Hot-
forgingwasfrom2050°to~O” F~f~~g atabout1700°F● me
disc washot-cold-workedbyforgingatl%?ko”l?.Thediscwasthen
given a stress-relief ameal ofk hoursat1200°F andair-cooled.
One-halfofthediscwassupplledbyTheMidvaleCoxpanyiucooper-
ationwitht@eGeneralElectricCompany.

Colllments:

‘l!hisdiscwasmadedurhgtheearlystagesofthedevelopmentofthe
alloywhenworkwaabeingdonesolelytostudytherelativeforgea-
bilityofthe-y. Ehibsequentlyworkwasuudertskento5?ixthe
optimumcompositionoftheallayandtodeveloptheforgingtech-
niquewhichwouldproducethemostfavorablemchauicalproperties
bothatroomand“elevatedtemperatures.

----- -- -------- —— —---- ------ -— -.-. ——— .... .....— — .— —.- — .
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EmERmmTAL I?Rocmum
L

.

Thefollmdngtestingpmgrsmfortheone-halfsectionofthedisc
ofEMEalloyWss

(1)

(2)

(3)

(4)

(5)

!&e

TensilE

R@ure

decidedupon:

testsatroomtemperatureand1200°1?“

testsat1200°1?

Creeptestsof1000-hourduraticmat1200°1?
17,y)o psiSmd20,000psi

Hardness,tensile,andrupture“teststoshow
thediscmaterial

Stibilitytestsonspecfmensaftertesting

understresses

theuniformity

of

of

majoremphasiswasplacedonthepropertiesofradialspecimens
fromneartherimsofdiscsbecausetherimisheatedtothehighest
temperaturedurbgservice.

Dataonstresssndtimefortotaldeformationwereobtatned
elongationcurvesfromruptureendcreeptests.ThereiSlittle
typeofdatafortheEMEdisc,huwever,becausethelowstrength
discdidnotwarrantmorethana limitednumberofcreeptests.

fromthe
ofthis
ofthe

Stabilitycharacteristicswereestimatedbyhsrdness,tensile,and
impacttestsandmetallographicexaminationonthespecimensafter creep
andrupturetesting.

b ordertosupplementthedataobtatnedfrm thetestingprogrem,
dataonM alloyreportedbytieGeneralElectricCompanyd The Mid-
vale CoMPanylaboratorieshavebeenincludedinthisreport.

Thenecesssrgtestspecimens.wereobtainedfromcowonscutfromthe
discasshuwninfigure1. This&raxdngshowsthelocationofthe
specbensandsnidentifyingcode.JnthiscodeX,Y,andZ refertothe
bcationsofthecouponswithrespecttothefacesofthedi”sc.Tensile
andcreeptestswereconductedonstandardO.~5-inch-diemeterspecimens.
Thespecimensforrupturetestswere0.160inchh dismeterandwere
obta&d fromlocati--inthelargecouponsasindicated
linesinthedrawingoffigure1.

RESULTS
. IbrdnessSurveys

TheprincipalBrinellhardnemrangeforthediscof
230to 250,dthOughSODL5OftheVdUW3wereoutsidethis

bythedashed

EMEalloy was
range asis

seeninfi~e 2 andhbls1. Thereappearedtobea softspottnthe

.—— ———. . . . . . . . . -. .-— — ---
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center of thediscnearthes?nibshaft.
harder~ therimthannearthecenter
thanintheinterior.

5

In gOnOrathe (iisc tdiea to be
andnear the twoflatsurfaces

Short4HmeTemile Properties

Thetensilepropertiesatroomtemperatureand120001?are mmma-
rized in table 1. ThetensilestremgthandO.02-percent-offsetyield
strengthofradialspecimensneartherimofthediscwereapproximately
112,~o and74,000ps~, respectively,emda~tuty was22percent
elongationin2 inchesatmom tmpemlmre.Thetansilestrengthand

“O.2-percent-offsetyieldstrengthofrimmaterialat1200°3?wereabout
70,000and63,OOOpsi,respectively,witha a~tiuty ofapproxhately
20percent.

Thetensilepropertiesofspecimensfromvariouslocationsnearthe
rimofthediscwerequiteuniform.H&ever,thetensilepropertiesof
thespecimensfl’omnearthecenterofthediscwherethesoftspots
existedWem law.Tensilestrengthatroomtemperaturewasaslawas
94,000PSi withanelongationof7 percent.COrresp- d,jffe~es

were observed in ttmsile propertiesat1200°F..

I RuptureTestCharacteristics

Therupturetestdataobtdnedat1200°F aregivenin~bleII.
Thesedataareplottedtotheusualdouble-logarithmiccoordinatesto
givethecurvesofstressagainstZw@mretires(fig.3). Therupture
strengthofspeck takenradiallyfromthecenterofthediscnear
therimfordefinitetimeperiods,indicatedbyfigure3,arebcluded.
h tableIItogetherwiththe.estimatedductilitiestofracture.The
rupturestrengthswere36,000and24,wo psiforrupture in MO aud
1000hours.Thednctili@tofracturewasapproximately2 percent at
bothtimeperiods.

Figure3 also includesa rupturecurvedrawnthroughrupturetest
pointsobtainedfora similardiscofEMEalloybytheGeneralElectric
company.Itisnotedthattheirdischadhigherrupturestrengthsthan
thedisctestedattheUversityofMichigan. .

.
Rupturespecimensfromvariouslocationsinthediscweretested

foruniformityata stresswhichwaaexpectedtocamefractureh
appr*te~ MO hours.RupturetimesvaryhgIM3m77to429hours for
specti frcunthefivelocationslistedh tableIIindicatethatthe
discmaterialwasnotveryuniformasmeasuredbytherupturetest.
Rupturetestductilitiesofthespecimensfromthe’variouslocationswere
aboutthesameastheductilitiesofcenter-planeradialspecimenswith
theexceptionofthespecimenfrommidwaybetweenthecenterandrimof
thediscwhichshowedrelativelyhighelongaticm.

. .. .... .... . . —. -— ---- . . -. ,_ -— ______ .. . . . . — .— - -— —--—- .- ----
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Time-DeformationCharacteristics

IWCA~ NO.1534

Curvesofstressagahstthelogarithmofthetimerequiredfor
totaldeformationsof0.1 0.2, 0.5,and1 percentat1200°F forthe
discaref3hownh figureL Curvesforru@uretimeandforthetransi-
tiontothird-stagecreep.havebeenaddedk figure4 Inorderto
describecompletelythedeformationcharacteristicsofthedisc.The
dataforfigure4 emesmmsrizedintableIIIandweretakenfromthe
time-elongationcurvesOb*a fromthecreepandrupturetests.

Thetestsconductedwerebnd?ficienttoestiblishcompletelythe
total-deformationcharacteristics.Higherdeformationsthan1percent
werenotreportedbecausethetotaldeformationsofthespecimenswere
only1 to3percent.Asa resultofthislowtotaldeformation,transi-
tiontothird-stagecreepoccurredpriortothetti tomxch a total
aefOrmationof1 percent.Thedatawerequiteerratic‘andtndicatethat
thespecimenscutfromvariouslocationsdifferinthetideformation
characteristics,particularlyduringfirst-stagecreep.Thesev~atlms
h deformation
stressesbeing

Estimated,
100,looo,end
intableIV.

aurhgfirst-stagecreepmayhavebeen-theresultofthe
abovetheproportionallimitforthematerial.

stressestocausevarioustotaldeformati~h 1,10,
2000hours,as,definedbythecurvesoffigure4,aregiven

CreepStmn@hs

Datatakenfrm thetime-elcagationcurvesforcreeptests,including
totaldeformationsh MO, 500,and1000hoursandcreepratesat500end
1000hum’s,areshownh tableV. Minimumcreepratesfromtherupture
testsandtheMOO-hourrates.frcmtheclweptestsereplottedagainst
stressondefile-logarithmiccoordinatesinfigure5. A creepstrength
of16,000psifora rateof0.0001percentperhourwasobtainedforthe
disc.

Xx&apolationofthetransitioncurveoffigure4 indicatesthat
third-stsgecreepwouldnotbeexpectedbefore10,MO hoursunderthe
stresstocausea creeprateof0.0001percentperhour.However,extra-
polatimofthecurveofstresssgainstrupturetimeshowsthatthe
.I-0,000-hourrupturestrengthisonly17,000psi. Thecreepstrength
thereforeisnota particularlysafedesignstressfor10,000-hourservice
becauseitissoclosetotherupturestrength.,

StabilityCharacteristics

Theeffectsofcreepandrupturetestingat1200°F ontheroom-
tempmturephysicelproperties,themsgneticsusceptibility,andthe
microstructureoftheFMEalloydiscwereusedtoevaluatethestability
characteristicsofthismaterial.

*
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Themajorchangeinphysicalpropertieswasthemarkeddecreasein
impactstrengthduringcreeptestingat1200°1?asisshownbythetest
dataintableVI. The“’t~il.e~ yie~ sm~ ~ &ve &cre=ed
slightlyalthoughthisisdifficulttoestablishbecauseofvariability
ofspecimensfzmmsucha largeforging.~~ative testswithamagnet
tidicatedthattheoriginalmaterialhadverylittlefermmgnetismand
thatduringrupturetestingat1200°F themagneticresponseofthe
materialincreased.

Photomicrographf3oftheoriginalmaterialandofspecimensafter
completionofcreepandrupturetestsareshowninfigures6 end7. T&
grti size varied from4 to 7, beinglargernearthecenterofthedisc
thanneartherim.Therewasamarkeddifferenceintk amountsand
typesofexcessconstituentspresmtinthestructureatvariousposi-
tions.(Seefig.6.) Atleasttwotyyesofexcessconstituentswere
presentintheoriginalstructure.Thedarketchedareash thephoto-
microgzaphata 100-diemetermagnificationofthecenterofthedisc
representonetypeandthelighteretchedereasofexcessconstituents,
theother.Thebottomhalfofthepictureata 1000-diamstermagni-
ficatimshowsthefirst”typeandthetophalf,theother@pe. Moreand
largerareasofexcessccmstituentswerepresentnearthecenterofthe
tiscthanneartherim.TheseexcessconstituentsfOrmOaa nearly
continuousnetworkneartb center.

Saneprecipitationoffineperticlesoccurredinthest~ctureof
thediscdur~ creepandrupturetestingat1200°F. (Seefig.7.) It
willalsobeobservedthatthestructureofthecreepspecimenwasquite
simik tothecentermicrostructurestiwnh figure6,exceptthattie
networkofexcessconstituentshadbeenbrokenupsomewhat.The1200°F
rupturespecimmwaafinergained,hadfewerexcessconstituentsthan
thecreepspecimen,endwasmoresimilartotheoriginalmicrostructure
neartherim.

DatafrcanTests in Ot@r Labordmries

DatafromTheMidva.@CoMPanylaboratoriesonseveralheatsofbar
stock,inwhichtheIMEalloycompositionwasvariedslightlyfromheat
toheat,aregivenintableVII. Thebarstockwasforged,zmlleddown
toa temperat~of1350°F,andstress-reMeved.Themostouts~
propertiesoftheseheatswereobtainedfrm materialswithco~ositions
vergshilartothatofheatH-4819fromwhichthedisctestedforthis
IWPOZ%wasmade*Hkrdness,tensile,rupture,andductilitypropertiesof
thebarstockwerehigherthanthatofthedisc.Strengthsforrupture
timeperiodsof1000hoursat1200°F rangedfrom39,000to43,000psi
withcomespondhg&uctiMtiesof5 to10percegt.

DatafromtheGeneralElectricC~any laboratoriesona discof
similarcompositionandfabricationtothatofthedisctestedatthe
Mversi@ ofMchiganaregiveninfigure8. w aisc W3SUIIMOZZUb
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hadgoodtensiletestductifitytThereportedrupture
1200°1?were45,000and31,000~siforfractureh 100and

Gene@alEledz5calsoreportedthatthegoodshort-timermm-
t~eraturepropertieswereborneoutintheoverspeedtestswhichwere
runonfIvediscs.Thebw%tingspeedswereasfoil.uws:

.

Burstingspeed I&reaseIndiametertier spinningat

(m)
22,000rpm

(in.)

22>6m o.1o2
22,610 .033
23,000 .146
23}133 - .045
23,250 .035

Thesevalues onlwrsting werereportedbyGenenalElectricto%esonmihat
overtheburstingspeedwhichisnormallyobtainedfrm Tin&malloy
hot-cold-worlmddiscs.Thevaluesforincreaseindiameter,whichwere
obteh.edonhspectionher spinningat22,000rpm,werehigh,butnot
excessive.

a
Thediscstestedin.theprogramsattheUniversityofMichiganand

the%ne~ ElectricCompanyweremadeh theearlydevelopmentstages
ofm aUoy. TheMidvaleCoqanyhasstisequent~improvedtheforging
processandhassubnittedthesurveyofrocm-twrperatnlreproperties
showninfigure9 aa representativeofbetterpractice.~S dischad
some-t highertensilestrengthandluwerductilityonanave~e than
thediscspreviouslydiscussed.Theductilib,however,wasconsidembly
betteratthecentersoftspotsthanwasthecaseintheearMerdiscs.
Theyieldstren@hsreportedfortheMidvalediscarebasedona higher
defamationthananoffsetof0.02percentandarethereforenotcompa-
mblewithGeneralElectricCompsmyvalues.

D~C~IOE OFRIBUEl!S

ThepropertiesoftheparticulardiscoflME
investigationwereapparentlybelowthepotential
at1200°F. Thisappears.tobeanexanqilsofthe

eJ-loystudiedinthis
propertiesofthealloy
poorpropertieswhich

anyalloywouldshowwhenimproperlytreated.Thediscwasmadeduring
theearlystsgesofdevelqmentofthaalloywhens@ficientexperience
hadnotbeenobtainsdfora guideinselectingtheproperfabricating
conditions.Attentimwaspr.mballyfocusedon thepzmbltwnofobtahtng
soundforgingsandnotondevelopingthepropercontrolnecessaryto
insuregoodpropertiesathightemperatures.

“

.
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TheMidvaledataforbar
ofproperlytreatedIMZqlloy
reportfordiscs.Experience

9

stock indicate that the rupture strengths
are.mch higher than those givenin this
h generalwithotheralloyshasindicated

tl&tthegoodpropertiesofbars=ockcanbedevelopedh largeforgings
whentheforgingsareproperlyfabricated.Theinformationreportedis
toomeagertoindicatedirectlythecauseofthe1* strengthofthedisc
at1200°F. Thechemicalcompositionisveryclosetotherangepreferred
forthealloy.Thephysical~ropertiesatroomtemperaturearelowerthan
thosereportedforthebarstockandsuggestthatthehot-cold-workwas
notasextemsiveash thebarstock.Workonotheralloyshash general
indicatedthathot-workhgattoolowtemperaturesmayinterferewiththe
precipitationreactionswhichcontrolstrengthathightemperatures,but
theconditionsreporteddonothdicatethatthisdef~telywasa con-
tributingcauseinthiscase.

Experiencetngeneralindicatesthatvariablestrengthsathigh
temperaturesmaybeexpectedfzmmas-forgedmaterialsunlessconsiderable
careisexercisedincontrollingconditions● Thehigherphysical
propertiesandrupturestremgthsofthesimilardisctestedbytheGeneral
ElectricCcmpanyareetidenceofnonuniformproductionconditions.Ths
disclaterproducedbyTheMidmleCampanyby improvedpraoticehadout-
standinguniformityofphysicalproperties.Theincreasedstrengthand
ductilityatthesoftspotsh thecenterwereparticularlyoutstanding
becauselowductilityatthesepointsisa*or sourceoftmfilein
suchforgings.Unfortunatelyrupturedatawerenotavailabletodetemine‘
ifthestrengthathightemperatureshadalsobeenimproved.

Theductilityofthediscsintherupturetestswaslaw.Thisis
characteristicofmmt alloystestedintheformoflargediscswhenthey
arehot-cold-workedat1200°to1350°F. Thehigherductilityofthebar s
stocktestedbyMidsmleischaracteristicofsuchmaterialswhenhotncold-
workedfrom1700°to1350°orlkOOOF,aswasthecaseforthebarstock.

ThepropertiesoftheEMEdiscsatroomtempe?xrlmreccmprefavorably
withthoseoflargediscsofseveralotheralloysgivenintableVIII.
Therupturestrength,however,waslow.Thedisctestedbytheheral
ElectricCoMPanyhadbetter,butstilllow,rupturestrength.Itshould
berecognized,huwever,thattheothermaterialscouldhavelower
strengthsM thepriortreatmentisnotproperlycontrolled.

Thevariationsh rupturetimeforspecimensfromvariouslocations
inthediscsuggestthatthealloymaybe somewhatsensitivetothe
emountanddirectionofworkingofthemetal● Theobservedvariationsin
physicalprope?%iesandgrainsizeareevidenceofthepresenceof
nonuniformworldngofthemetal.Probablytlmhighestrupturestrength
ofthevariousspecimenswasassociatedwiththelargergrainsize
observed.Experiencewithotheralloys,however,tidicatesthattemper-
aturesandamountofworldngthemetalareofnmreinfluencethengrain
size.Thevariaticmh excessconstituentscouldalsohavebeena
contributingfactor.

.
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CONCZOSIQNS .
.

I%oma studycfthepropertiesatroomtemperatureand1200°1?ofa
rotordiscof= alloyandcmuparismofthesepropertieswithdataon
thealloyft?omotherLaboratories,thefolbdng conclusionsweremade:

1.Whenproperlyfabricated,contour-forgeddiscsofEMEalloyhave
excellentstrengthanduniformityofpropertiesatroomte~erature.

2.Thepropertiesofdiscstestedhavebeanlowat1200°1?probably
becausethediscstestedweremadeduringtheearlystagesofdevelopment
ofthealloywith~icient e~erienceinp?mductioncontroltoinsure

“ goodproperties.

3● Uhtil further data are obtdned, the lowpropertiesat1200°F
shouldbeconsideredonlyasanexampleofwhatcouldhsppmtomy
alloyduringearlydevelopmentwheninsufficientinformationisavailable
forcontrolofpmxhctionconditions.Experienceingeneralindicates
thatthegmd propertiesofbarstockcanbereproducedquitewellin
largeforgingsbyproperchoiceof-forgingconditicms.

4.Sufficientmetallurgicalexperienceanddatawerenotavailable
todeterminetheexactcauseofthelowstrengthofthediscs.Themost
probableexplanationisthattheprescribedprocessingprocedurewasnot
attdmeddurhgpreparationofthediscandadverselyaffectedthe
properties.

universityofMchigsn
h Arbor,Mich.,Wrch 24,1947

“
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TABIESI

.

.

RUFKJRETESTCHARACTERISTICSAT1200°1?OF

DISCOFEMEAILOY

Stress
Rupture ElongatimR9&zcti0nMhlimum

~&yrn ?%%% .~~i) ;% inl in.
(1)

ofarea creeyrate
(percent)(percent)(percent/hr)

n CRR 50,000 10 11 21.7 -------
U 40,000 54.5 7 9“5 b------
lx 35,000 q 2.5 2.0 0.00465

30,000 320 2.5 6.2
$

.00175
cm 25,000 685 1 1.2 .00058

Y 23,000 1547 2 2.3 .00045

u 36,000 3.09.5 1 1.7 -------
9Y 36000 221 2 3.0 -------
9 3<000 77 4.5 2.3 -------
6Y-C CRM 36MO 429 16 21.2 ----ti--
loY-2 3<000 131 4 2.3 -------

RQturestrength

Specimen Stress(psi)forr@mre b -
locatim

(1) l-oh?? “ 100hr 1000h?? 2000M?

cm 50,000 . 36,000 24,500 22,000

Ih@mreductility

Specimen Estdmatedelongation(percent)torupturein -
location
(1) 10hr MO& mo & 2000hr

u 3 2 2

%lR center-planeradialspecimennearrfmofdisc.
-

SRR surface-planeradialspechnennearrimofdisc.
CTR center-planetangentialspecimennearrimofdisc.
STR surface-plenetangentialspecimennearrimofdisc.
CRC cemter-planeradialspecimmnear#centerofdisc.
CRM center-radialspecimenmidwaybetweenrimandcenterofdisc.

—. .— - ------------ -- —-... .- ..-.. .———— —-- -.—— ..--. .—.,. -. —-— -—..

@

.—
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1

Ltb31L91tkm to I

IMtial The (hr) fortotal w-stage Oreep
B2eclmmstressaefmti~ a.eformationa of -
mmiber (Psi) (pero,.t ) Time I13formation

0.1 peroento.eperomt 0.5peromt 1 peroellt(~) (peroent)

@ 17,m 0.088 1.5 w %40 ---- ---- “---
lx 20,030 .099 --- ~ am

3 23,m ●115 --- 4y “ U75“:-- c; i;$
3 25,000 0125 ---

E
252 ---- 6S

IY 30,000 ●1P --- 22a 315 m .45
lx 35,o~ .180 --- al $ ---- &) .60
lx 40,000 .205 --- --- 34 44 ---- ----

%3thnatea.

.

I

I

t

i

.

I

.
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TABLEIV

ImmwcEDTIME-DEFowm SIRmwm3 AT l!mo3’

OR’DISC OE’EMEAIUYY

I Totel I Stress (pEi) to mmee total defamation in - I
aef Omation

.—

(percent ) lbr IDhr 100h 1ooo br 2ombr

0.2 ‘ 37,m 30,000 22,000 14,000 . 12,01x)
“5 ------ ------ 31,500 21,0c0

1.0
~8,x)0

---.-- ------ 3,500
!

24,000 22,000
Traddtlon ----.- ------ 3 ,Ooo 23,500 ------



.

lwu v

0REEPTlB31DATAAT1200°1’lF3RMS0 Ol?EblEAIUIY

Total deformation
creep rate

\
B$eolmen. dtl’9BB lhmation

Iilitial
(peroent) at -

(peroerh~) at -

Iuutiber .(m) (m)
defomatlon

(peroent )
IJ30hr Whr Imo W ymb$ looobr

4X 17,Xo Io06 O.oaa 0.153 0.242 0.3E5 0.0001.800.000155

lx m)cclo 1.058 “099 .m .2p .343 .000183 .000183

%reep Btli31@h: Strees for oreep rate of 0.0001 peroent per hour = 16,0@3‘pEl.

.
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I TJImEvI

I

i

I

I

i
I

I

Prior
Re8idualrom-m~t~ P_files.

Ipgctico%?!%% ‘=
Ofi%et ybld

T
h F&cm:- mg&i# Re#oo: lzOd0

number (Psi) (psi impact vlokerE
stress The ~i# (pm~j (w-t) = -e(Psi) (h) O.OQ paroent 0.1 peroezlt Of? Imroent

(a) (b) (b) ll!2,625 74,000 88,750 93,$75’ 47>5@3 m.8 43.8 14, L7
u

IY m,oal I.(v8 ------- -.---- ------ ---.,-- ------ ---- ---- 6, 8 i?y

4X M’,W IQ06~, 7Y 68,(!00 79,M)0 84,000 50,000 21..O 36.8 ------ ---
.

i
i aAmrege of teats on ofmter - ma imrfaoe-plane mild specimn necrr rim of d,iso. ‘=s$=’

i %rlglnalWnlaitial.
cOanter rim.

%kutert
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T C!ZE_ 10x
lx

10Y -1 “’-a
& -–-–<y

J-:
---TOY -2 llY

lZ
I -~ ‘d 6n

Figure1.-LocationoftestcouponsinhalfsectionofdiscofEME alloy.
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Figure 2.- Hardness survey on hslf section of disc of EME slloy. Brinell hsrdness; &c sections 10
end 11.
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Rupture time, hr
tiCdiOll of specimen h disc

o
●
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x

u

:

Center radial specimen near rlm ,,
Surface radisl specimsn near rim Ill.
Center tangential specimen near rlm
Surfece tangential specimsn near rim

.

Center radial specl.men near center
Center radial spscimen midway between rim .&d center
Radial at rlm (General Electric Co. tests on similar disc)

.

Figure 9.- Curves of stress against rupture thne at 1200° F for discs of EME slloy.
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Figure 4.- Cuxves of stress against time for total deformation at 1200° F for disc of EM.Ealloy.
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IHgure 5.- Ckrve of stress against creep rate at 1200° F for disc of EME alloy. All data at
stresses above 20,000 psi from rupture tests.
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loox looox
(a) Radial section near rim of disc in Y-plane.

.

(b)
loox looox
Radialsectionnearcenterofdisciny-plane. ,

Figure6.-OriginalmicrostructureofdiscofEME alloy.Aquaregiain
glycerineetch.
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0

100X 100ox
(a)Creep specimen lY; 1058hours under 20,000psi. .1

Fracture - 100X Interior - 1000X
(b) Rupturespecimen 3Y;1547hours for rupture under 23,000psi.

F&ure7.-MicrostructureofspecimensfromdiscofEME alloyafter
completionofcreepandrupturetestsat1200°F. Aquaregiain
glycerineetch.
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Figu’e 8.- Tensile, rupture, and hardness data obtained by the General Electric Company on a forged
diet of EM3 alloy &@i&d by The Midva.leCompany. Heat number, =9-15113; hot-forged at
2075°-21000 F; hot-cold-worked at 1240° F; stress relia! for 4 hours at 1200° F,
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